Abstract The use of landholder typologies to aid the development, implementation, and monitoring natural-resource management (NRM) policies and programs has increased considerably during the past decade. This article explores the potential for using such typologies for a variety of NRM and rural and regional development applications. Review of typology use further suggests that there is potential to refine the way that typologies are developed and applied to better aid NRM, farming systems analyses, and rural and regional development. Before typologies will be adopted more widely, a number of theoretical and methodologic issues must be addressed. These include the following questions: (1) Which criteria and methods should or can be used to classify landholders? (2) How should studies across spatial and temporal scales be integrated? (3) How should multiple and single industry studies be integrated to gain the most value from research? We argue that quantitative research techniques are well suited to provide an underlying structure for landholder typologies, and qualitative research techniques are useful for developing understanding of the nature of variation within and between landholder types. We argued further that because of the potential utility and breadth for the application of landholder typologies, a nested set of landholder typologies could be developed that are coordinated at the national, regional, and local geographic levels, with repeated measures used to track the evolution with time of landholder practices, management values, and socioeconomic characteristics.
Introduction
It is now broadly accepted that achieving sustainable management of natural resources necessitates understanding the people who manage these resources, including their needs, capacities, and motivations (e.g., Cary and others 2002 , Cody 2004 , Webb and others 2004 . As argued by Cody (2004, p. 7) , ''It is widely acknowledged that the condition of the natural resource base, a land manager's socio-demographic characteristics, management practices, enterprise financial status and the level of social capital in a community are inter-related.'' Understanding and interpreting the interrelationships between these factors is a major challenge confronting those who are interested in natural-resource management (NRM) and regional development. Considerable research effort has been undertaken to develop socioeconomic indicators of capacity to adopt sustainable natural resource management (e.g., Taylor and others 2000 , Lockie and others 2002 , Cary and others 2001 , Webb and others 2004 . These research projects have generated insight into the relations between socioeconomic characteristics of landholders and their values, the characteristics of their enterprises and biophysical assets, and their NRM behaviour. Many countries have struggled, however, to conceptualise and enact a framework that will enable researchers to provide useful information at a variety of levels and for a variety of purposes. A conundrum facing those interested in NRM is that land managers and their households are each in unique situations, so it is impossible to account for the circumstances, values, and needs of every landholder when designing and applying policies and programs. One means by which to help policymakers and NRM program designers account for within-community variations is to group together similar types of landholders and to then develop profiles of these groups. This may be achieved by representing the characteristics of each group using descriptions of a set of archetypal landholders, i.e., a landholder typology. Landholder typologies can be conceptualised as the ''tip of a data iceberg.'' In other words, typologies summate the characteristics of landholders and their holdings, and this summary is underpinned by detailed information about these characteristics and analysis of the relationships between them.
Reviews of the application of landholder profiling (commonly referred to as ''typologies'') in Australia (Emtage and others 2006) and elsewhere (Emtage 2004) suggest that they can be applied usefully to assist farmingsystems analyses (Kostrowicki 1977 , Belsky 1984 , Kaine & Lees 1994 , Landais 1998 , Paquette & Domon 1999 , Busck 2002 , Kaine & Beswell 2002 , Kobrich and others 2003 , rural and regional development (Landais 1998 , Ballas and others 1999 , Dorward 2002 , and NRM (Emtage 1995 , Barr 1996 , Howden and others 1998 , Emtage and others 2001 , Boon and others 2004 , Emtage 2004 . Further details about these studies is provided in Emtage (2004) and Emtage and others (2006) .
Researchers in the fields of NRM and rural development in the European Union have initiated a round of studies that cross national boundaries to identify patterns of similarities and differences in farming systems (Bignal 2001 ) and forest management (Wiersum and others 2005) . The United States Department of Agriculture has developed a typology of family-owned and -run farms that has been used to assist in the analysis of variations in productivity, financial characteristics, environmental management, and effects of government policies and extension strategies for these farms at the national level (Johnson 2002) . The governments of Australia (Solutions 2003) and Canada (AAFC 2002) are following similar paths. In addition, just as landholders can be grouped together to provide insight into their diversity and the relationships between influencing factors, it is also possible to develop typologies of regions to identify rural regional development opportunities and constraints (Ballas and others 2003 , Sorensen 2004 , Barr and others 2005 . Although a number of landholder typologies have been developed in various countries, the application of these typologies has in general been largely uncoordinated, and their potential to develop understanding the factors influencing NRM and to facilitate targeting NRM extension programs has not been fulfilled.
French researchers have recognised that many similarities underlie the development and application of landholder typologies for the purposes of regional development, farmingsystems research, and NRM (Landais 1998) . Co-ordination surveys of landholders' socioeconomic characteristics and land-management behaviour could enhance understanding of the adoption of sustainable farming practices and improve public NRM policies and programs whilst making best use of scarce research funding. This article argues that landholder profiling and typologies can provide one of the tools needed to guide the interpretation of the diversity of landholders' value systems and socioeconomic characteristics.
This article examines the theoretical and methodologic issues surrounding the development and application of landholder typologies. These issues relate primarily to the theoretical position adopted by the researcher, which in turn affects the techniques applied to define and describe typologies and the manner in which they are used. Some issues surrounding the development of landholder typologies include questions about which theories can guide the research, the selection and application of criteria used to classify landholders, and how best to involve experts and decision makers in the research process. These theoretical issues overlap with methodologic issues, including questions of the spatial and temporal scale of typology research, how best to link studies at a variety of scales, whether to concentrate on single or multiple industries, and whether to concentrate on single or multiple management practices.
The initial sections of the article examine the theoretical and methodologic issues affecting the development of landholder typologies, whereas the later sections discuss the potential to develop a series of nested landholder typologies to aid the design, implementation, and monitoring of NRM policies and programs.
Subjectivity and Objectivity When Defining Landholder Typologies
A primary theoretical issue affecting the development and application of landholder typologies is one that is common to social science generally: How objective can social researchers be in their work, and to what extent should they strive to be objective? Researchers who use quantitative methods that measure observable phenomena are often termed ''positivist.'' The other extreme theoretical position is that of the ''relativists,'' who argue that the world view of the researcher, and consequently their choices and application of research methods, inevitably affects the outcomes of the research to a degree that any claim that research is objective is inherently false (Delanty & Strydom 2003) . We argue that there is no ''right answer'' when developing landholder typology and that decisions made by researchers make a critical difference in the typology that is eventually produced.
Typologies are developed as means of communicating understanding about complex relationships between mul-tiple factors that affect peoples' behaviour. Kostrowicki (1977) observed that purely qualitative research, which relies entirely on expert appraisals, may provide a highly useful typology from the point of developing understanding about variations in landholders and their farming systems, yet he also observed that it is inevitable that such a typology is not repeatable because analysts' perspectives change with time. The results of such studies are likely to be challenged and even rejected by other researchers and policy-makers who have a ''positivist'' world view. With a quantitative approach to typologies, it is possible to devise mathematical tests that can be used to assess the ''optimal'' number of types to define and cut-off points to apply at many points within the sequence of statistical procedures (Escobar & Berdegue 1990, cited in Kobrich and others 2003) . Some indication of whether the criteria used to classify landholders produce a typology that is representative of ''real'' divisions in society can be gained by assessing the stability of groupings when different selection criteria are applied. It is impossible, however, to eliminate totally the need for the researcher to impose some form of expert opinion at a number of points during the research process. Expert interpretation is needed because the influence of different factors varies considerably between landholder types.
Deciding which variables are relevant is difficult because some types of landholders are typified by the lack of influence on management practices of variables that are, for other landholders, highly influential. In other words, determining the relative weight to apply to each variable in a cluster analysis is difficult in light of the variation in their influence on management between different types of landholders. A further challenge is that agriculture is dynamic because production techniques, seasonal conditions, and markets change with time. Therefore, the influence of a particular variable is likely to change with time and across geographic space, and thresholds set for variables and used as criteria to discriminate between landholder types need to be adjusted accordingly.
Therefore, some degree of ''subjectivity'' is always present in typology research. It is argued in this article, however, that this does not mean that landholder typologies are fundamentally flawed. Rather, the implication is that researchers must be aware of the critical nature of the choices they make during the research process and use validation processes to provide an indication of the reliability of their findings. This may include using both quantitative and qualitative methods at various points in the research to make best use of the insights offered by each approach. Where statistical approaches can provide breadth and generalisation of research, qualitative methods can provide greater depth of understanding.
Assessing the Validity and Utility of a Typology
Consumer typologies are used extensively in marketing studies. There exist two ''criteria'' by which to assess the worth of a typology developed for marketing studies: the concepts of ''critical utility '' and ''predictive validity'' (Hair and others 1998) . For marketing purposes, a typology has utility if it assists producers to develop products that cater to the needs and wants of different segments of the market (types of customers) as well as the ability to target communication strategies to influence these segments in an effective manner. In terms of assisting NRM programs, whether a typology has practical utility is determined by whether the typology allows NRM program designers and administrators to differentiate between and to influence the behaviour of landholders with differing land-management motivations and differing management capacities.
Predictive validity is determined by the extent to which the characteristics of landholder types match the set of characteristics predicted by theories describing the factors affecting the phenomena of interest (Hair and others 1998) . To assess the predictive validity of a typology, the landholders are clustered into types, the relationships between the types are defined, and the criteria not used to cluster the landholders are examined. This provides a means of assessing whether the types display characteristics that are consistent with previous research into the topic of interest and helps to further illustrate the factors that influence landholders' behaviour and the inter-relationships between these factors.
According to Hair and others (1998) whether a typology meets the criteria of predictive validity and practical utility is a question for the analysts and their sponsors. A different perspective is taken by Howden and Vanclay (2000) , who argued that the criteria used to classify landholders are also criteria by which to judge the worth of a typology and that these classifying criteria must be derived from the landholders themselves.
Typologies Developed Using Innovation-Adoption Theories
The history of application and international scope of innovation-adoption theories has meant that despite the discrediting parts of the theories and evolution beyond these theories, the language and concepts of these theories continues to dominate NRM research in many parts of the world. The labels that innovation-adoption theorists have developed (e.g., ''innovator,'' ''opinion leader,'' ''laggard,'' etc.) appear to have widespread use in the rural community. In addition, there is still considerable support for using the insights provided by innovation-adoption theories to investigate the manner in which landholders appraise new practices. Howden and Vanclay (2000) observed that there is a lack of a common language between farming groups, with the exception of the use of ''adopter categories'' (e.g., ''innovative'' and ''progressive'') as described by innovation-adoption theorists. According to Howden and Vanclay (2000) , these were the only styles that are not described disparagingly by landholders. Howden and Vanclay (2000) further found that farmers are unwilling to be identified with styles that are perceived to be socially undesirable and concluded that labeling landholders as a ''type'' can be seen as a form of social control.
The issue of typologies being used as a form of social control through the process of simplifying and stereotyping according to the application of names to types is difficult but not impossible to address. Barr (1996) was able to name the landholder types he identified without using the language of innovation-adoption theorists, and Emtage and others (2001) used the terms defined by locally based extension personnel. These examples illustrate that it is possible to develop appropriate terms for various landholder types without drawing on the language of innovation-adoption theorists. Regardless of what terms are applied to various groups of landholders after the development of landholder typologies, it is likely that the variation in people values will lead to some landholder types inevitably being viewed negatively by some sectors of the community.
Elements of innovation adoptions theories that describe the characteristics of innovative practices related to adoption of these practices do appear to have broad support among NRM researchers in Australia, including Kaine and Lees (1994) , Fulton and Race (2000) , Cary and others (2001) , and Nelson and others (2006) . These interrelated characteristics include their relative advantage, compatibility, complexity, trialability, and observability. Rogers (2003) argued that it is the potential adopter's perception of the characteristics of an innovation that affects its adoption, not the perception of the ''expert'' or change agent. The importance of this point is has been emphasised by Kaine and others (see, for example, Kaine and Lees 1994 , Kaine and Niall 2001 , Kaine & Beswell 2002 , and by Nelson and others (2006) . Understanding landholders' perceptions of the ability of an innovation to improve an existing enterprise, or contribute to better NRM outcomes, and the degree of difficulty by which this can be achieved implies a need for detailed knowledge about the context in which decisions about whether to adopt a practice are made. This has implications for the scale and scope of research to develop landholder typologies.
Selection of Criteria to Classify Landholders into a Set of Types
Given that the primary purposes of landholder typologies are to illustrate the interrelationships of factors that affect their behaviour, to illustrate the variation between landholders, and to provide insight into the reasons behind these variations, selection of the criteria used to classify landholders is of fundamental importance. Kostrowicki (1977) concluded that the variables selected to classify landholders are more influential than the classification technique applied. The criteria used to classify landholders are usually based on the researcher's theoretical understanding of the phenomenon of interest. Researchers will choose those criteria they believe have the greatest influence over or strongest relation with the variation in the phenomena they are studying.
The Commission on Agricultural Typology of the International Geographic Union, which was established in 1964 for the purpose of defining a typology of world agriculture, recommended the use of a limited number of composite variables which, as nearly as possible, are of ''universal, significant and representative character'' (Kostrowicki 1977, p. 39) . Kostrowicki stressed that to use landholder typologies to investigate the relationships between farm structures and surrounding characteristics of the biophysical and human environment, the classifying factors need to be only those that are internal attributes of the farming system.
Like Kostrowicki (1977) , Landais (1998) recommended that locally or regionally based experts have an important role in determining the most appropriate criteria to choose. Landais (1998) argued that the role of experts is fundamental in constructing a typology. Landais argued that a set of types should initially be defined by experts a priori, that is, before the collection of data about landholders. Individual landholders should then be assigned to these various types by applying decision rules developed by experts to detailed survey information concerning farmers' production systems and information about their strategic management behaviours. Involving regionally based personnel in the research process not only makes efficient use of their expertise, it also involves these people in the research process so that they gain a thorough understanding of the research findings and a sense of ownership of the research outputs (i.e., the landholder typology).
Whether to Focus on Single or Multiple Industries or Issues
To generate useful information, Landais (1998) argued that typologies need both descriptive references, used to classify landholders, and prescriptive references to analyse the efficiency of a farm's functioning. The utility of a landholder typology is fundamentally determined by the information available to support the typology, that is, information collected about landholders but not necessarily used to classify them into types. If details can be obtained about a landholder's range of land and enterprise management practices, as well as details about the demographic characteristics of the household and the social values that affect management and strategic decision making, then a typology potentially has broad-ranging applications.
Landais argued that landholder typologies can be used to illustrate variation among landholders for a variety of purposes (e.g., rural development or NRM). He also argued that there is only one ''true'' way to define landholder typologies. Landais (1998, p. 516) argued that developing typologies based on theories of farms as ''complex steered systems'' enables their application for a variety of purposes, stating that:
''. . . [t] his option reflects an ambition to develop farm typologies with multiple end uses: contrary to a frequently made assumption, experience shows that typologies developed to deal with a specific problem (such as typologies based on the environmental impact of farms) are of little use and relevance for action. On the contrary, the above approaches consist of examining the ways in which the problems to be dealt with present themselves in each one of the types of a single typology, irrespective of whether these problems relate to production, environment, agricultural policies, etc. The different functions which the typology are meant to fulfil are, however, not consistently compatible; this leads to prioritising dynamic aspects and, therefore, strategic criteria rather than criteria describing in detail the biotechnical functioning production processes.''
The insistence of Landais (1998) on a specific methodology to construct landholder typologies contradicts the conclusion drawn about the similarities of the landholder types described by researchers in Australia, such as Emtage and others (2006) . Emtage and others (2006) found that application of varying techniques defined similar sets of landholder types. The use of detailed information about a particular practice that contains reasonably generic (i.e., common to a number of differing enterprise types) classifying criteria, such as native vegetation management (Emtage and others 2001) or perennial pasture management (Barr 1996) , may allow a reasonably accurate and comprehensive typology of landholders to be developed. Concentration on single aspects of farm management, such as criteria to cluster landholders, however, does not enable detailed analysis of other aspects concerning management of rural enterprises and land-management practices. For example, the typologies of landholders that are based on their broad land-management values and attitudes to particular practices (including Barr 1996, Emtage and others 2001) do not have sufficient detail about landholders' enterprise-management practices to enable effective assessment of ways to improve the productivity of these enterprises. In contrast, the typologies of landholders developed by Kaine and others (including Kaine & Lees 1994 , Kaine & Niall 1999 , Kaine & Beswell 2002 appear to be useful in helping to understand why various landmanagement practices are effective for some landholders and not others because they concentrate on specific practices (such as the adoption of confined calving or drip irrigation) and specific enterprises. Concentrating on a single industry is useful to those seeking to understand the factors affecting the adoption of best-management practices in specific industries. These sorts of typologies do not, however, enable the development of targeted policies and programs to assist rural development and NRM programs and policies beyond that industry. Landais (1998) recognised that considerable detail is required to analyse effectively the variations in farm operations within a particular industry and that low withintype heterogeneity in production systems is required. Landais (1998, p. 522 ) also pointed out that by only concentrating on a single industry, the potential to use the typology for regionally based strategic planning is decreased. If all industries are not included in a typology, then the constant restructuring rural areas, including the expansion and contraction of industries, can be missed.
Although it would appear possible to identify fundamental variations in landholder types using a variety of classification techniques, it is also true that collecting detailed information about landholders' production systems and their management objectives would help maximise the potential utility of typologies. The trade-off is that surveys are relatively expensive, and the longer they are, the harder it becomes to get landholders to complete them. The high cost involved in collecting and analysing information about landholders emphasises the importance of cooperation between the varieties of agencies that can potentially use the data.
Which Population to Study for Typology Research?
Related to the question of on which industries to concentrate are the broader issues of determining the population of interest for a study. Selection of the population to study increases questions about whether to study multiple industries and what scale of operations or size of land parcels should be included. Lack of information about small-scale landholdings is a continual problem for many local government and regional authorities, particularly those in periurban areas. On the fringe of urban areas, land Environ Manage (2007) 40: 481-492 485 parcel sizes are shrinking in response to great demand for rural residential subdivision, and high land prices are precluding the majority of existing and potential agricultural operators from purchasing in these areas (Paquette & Domon 1999 , Barr 2003 , Barr and others 2005 . The proportion of land being managed by nonfarmers-including landholders who earn none of their income from their landholding-is growing in these areas (Barr 2003 , Webb and others 2004 , Barr and others 2005 . Recent studies describing profiles of these landholders in Australia-including those of Ford (1999) , Fisher (2003) , and Aslin and others (2004) -indicate considerable diversity in the small landholding sector in periurban areas. Many of these landholders have little or no experience in rural land management, have widely varying land management objectives and experience, and pose a challenge for those administering NRM programs. As described previously, typology studies are undertaken at various scales and with different populations. Data collection at a local scale allows for better understanding of landholders and the conditions in which they operate, but it can be difficult to scale up the findings from such focused research to match the scale at which NRM programs are generally run. Coordinating and nesting data collection and analysis across scales can provide opportunities to make the most of detailed local studies and complement the broader scale of operations of those administering NRM programs. The application of methods described by Landais (1998) in France involved the development of landholder typologies at a district scale building to a typology at a regional scale. In these studies, the landholder types are refined for local areas by locally based experts with intimate knowledge of the forces affecting landholders in their area. This upper scale is that at which supporting data are generated and maintained, that is, the ''prescriptive'' references (Landais 1998) used to assess means of improving farm enterprises.
Incorporating Land-Management Values into Landholder Typologies
It is generally recognised that social or cultural value systems play a crucial part in influencing the management of rural land. A number of researchers have identified links between the personality type of landholders and their landmanagement values (Stern and others 1995, 1998 (Cary and others 2002) . Following Stern and others (1995) , Cary and others (2002) argued that the links between values and behaviours are tenuous, maintaining that these values are used as reference points for the assessment of unfamiliar practices, whereas specific attitudes toward an active practice are better indicators of likely behaviour. These investigators argued that the strength of the relations between attitudes, values, and behaviour depends on the nature of the practice under consideration, with values having a relatively stronger influence on behaviour when landholders are considering the adoption of unfamiliar practices.
A variety of methods have been used to measure and incorporate information about land-management values as criteria for creating a typology of landholders. In studies that have utilised expert opinion to guide typology formation, including those based on ''farming styles'' theory (see, for example, others 1998, Busck 2002) , landholders' management objectives have been incorporated as one of the dimensions of their farming strategy. Researchers who have developed typologies of farming systems have also incorporated the farm households' management objectives (see, for example, Belsky 1984, Kaine & Lees 1994 , Landais 1998 . In other studies, management objectives have been the sole basis of classifying landholders. These studies include some that have used landholders' business objectives as the classifying criteria (Solutions 2003) , and those that have used landholders' objectives with regard to vegetation management (see, for example, Emtage and others 2001 , Emtage 2004 , Boon and others 2004 . Although these studies have provided some further insight into the nature of land-management values and their relationships with landholders' socioeconomic and demographic characteristics, there is debate about whether land-management values are sufficiently discriminating to justify their use as the sole classifying criteria to develop a landholder typology.
The notion of what is meant by the term ''good land management'' varies between landholders Lawrence 1995, Emtage and others 2001) . As observed by Crase and Mayberry (2002b, p. 33): ''. . . there is a clear distinction between those farmers that hold economic values and/or objectives compared with those that hold lifestyle and conservation values and/or objectives. Moreover, the clear differentiation of economic from lifestyle and conservation values and objectives is an important finding with considerable implications for policy. This indicates policies, such as ''economic'' and ''common good'' approaches, may impact differentially depending on the values and objectives of the landholder concerned.''
The relevance of these values for differentiating the land-management objectives of landholders has been illustrated by the results of principal components analyses of responses to questions about the importance of various reasons for tree management in a number of separate surveys (Emtage 1995 , Emtage and others 2001 , Herbohn and others 2005 . These analyses have consistently revealed three underlying factors to the responses: economic, personal (or lifestyle), and conservation reasons. These studies also revealed that these values are not mutually exclusive, contrary to the arguments of Crase and Mayberry (2002) There is some doubt about the applicability of these values as the selection criteria (i.e., economic, personal [or lifestyle], and conservation) for developing landholder typologies in developing countries (Emtage 2004) .
The consistency of these findings in western cultures suggests that these are fundamental elements of landmanagement values, which together could be used to define the landholders' ''land-management ethics.'' Although there are some differences in the average age of members of the various types in some studies, the similarities in land-management attitudes and practices across age groups reinforce theories holding that landholder behaviour is affected by values learnt from their parents and those in their social group. This provides support for the suggestion by Vanclay and others (1998) that the concept of ''subcultures'' in the rural community could be usefully applied to describe our understanding of the patterns within the diversity of land-management values in the community. The ''subculture'' concept becomes important when considering the aggregation of individuals' values to become ''social norms,'' which Cary and others (2002, p. 38) described as a potentially powerful means to influence NRM behaviour.
The use of the ''land-management ethics'' or ''life values'' dimension of strategic decision making in isolation from more specific measures of attitudes to particular practices have been found to be insufficiently discriminating or representative of the factors affecting landholder strategic decision making to be useful as the sole group of criteria to define a typology (Emtage 1995 , Emtage and others 2001 , Emtage 2004 . It can be seen, however, that these values are relevant in terms of understanding landholders' perceptions of stewardship practices, which are in turn linked to their NRM behaviours (Stern and others 1995, Cary and others 2002) . In studies reported in Emtage and others (2001) , measures of landholders' perceptions of the importance of various reasons for managing trees, a surrogate measure of landholders' broader land-management values, were combined with measures of landholders' perceptions of the importance of various constraints to managing trees. By including landholders' perceptions of the constraints to NRM practices together with measures of landholders' perceptions of the relative importance of various dimensions of land-management ethics, a measure of their attitudes to specific practices is captured. Together, these measures appear to provide satisfactory discrimination between landholders such that the typology created includes landholder types similar to those identified in other Australian studies (Emtage and others 2006) .
There is general agreement that social and cultural factors have strong relationships with land-management behaviour. The typologies of rural landholders constructed by the governments of Australia (Solutions 2003) , the United States (Johnson 2002) and Canada (AAFC 2002), although they measure some elements of the commercialmanagement objectives of landholders, lack critical information about land-management values. Further research is needed to identify the inter-relationships between landholders' personalities and their sociocultural values, resources, and behaviours to allow social values to be included as a part of what Kostrowicki (1977) referred to as ''universal, significant, and representative criteria'' by which to develop typologies.
The Effects of Variations in Geographic and Temporal Scales on Developing and Using Landholder Typologies
The utility of research to develop landholder typologies is influenced by the geographic and temporal scales used. Ideally, a hierarchy of typologies could be established to inform policy and program development at the national, regional, and local scales. In the Australian situation, Nelson (2004, p. 11) argued that ''. . . with multiple types of land degradation and management practice in each region, there has been insufficient sample size to analyse the adoption of sustainable farm practices at a regional scale. This could be overcome by nested regional surveys examining the adoption related attributes of sustainable farming practices in specific environmental and industry contexts. '' Environ Manage (2007) 40:481-492 487 This could help to provide for the most efficient use of research and development resources as argued for by Landais (1998) and Nelson (2004) . As argued by Landais (2002, p. 521) , ''Where the typologies are informed only by the field surveys carried out to produce them, the bodies of statistical references are fairly poor and there are no prescriptive references at hand. In situations of strong institutional grounding, however, the background information needed to build detailed statistical bodies of references is easily mobilised.'' Agricultural and NRM statistics are maintained at a range of scales in most countries, and co-ordinating the data collection, analysis, and reporting requirements for different agencies poses a huge challenge for researchers.
The geographic scales at which landholder and farm typologies have been undertaken vary; they include international studies of world farming systems (Kostrowicki 1977) , studies across the European Union (see, for example, Ballas and others 2003, Wiersum and others 2005) , and national and regional scale studies, including applications to specific industries in small regions. Fulton and Race (2000) stressed that regional differences in landholder types and circumstances are great enough to warrant assessment of variation in landholder types in each region. Although the majority of landholder typologies that have been developed are regional in scale, there is reason to believe that the landholder typologies could be used to assist public policy and program development, implementation, and monitoring at a number of scales. It has been argued that regions are a natural choice of scale for landholder typologies because of their relative internal homogeneity in terms of biophysical conditions, agricultural enterprises, and market access Emtage 1998, Fulton and Race 2000) . Comparisons of studies undertaken in a variety of regions show, however, that there are similarities in landholder types across regions. These similarities reinforce the recommendations of Landais (1998) that public agencies managing NRM programs could develop a nested set of landholder typologies to assist the design and implementation of policies and programs to promote sustainable NRM.
Typologies represent a snapshot of a rural community at a single point in time, yet few studies to develop landholder typologies have been repeated at regular time intervals. The majority are tied to regionally based project funds and have been restricted to single surveys. These studies therefore do not provide a picture of what some researchers (Landais 1998 , Paquette & Domon 1999 ) described as the ''evolutionary trajectory'' of the various types of landholders. Development of typologies with time allows for consideration of changes that arise as farm families move through their life cycles, as the demographics of the farming population change, as technologies used in agricultural production evolve, and as the terms of trade for various commodities also vary both nationally and internationally. Generating insights into the changes that occur in rural communities with time is a potentially vital contribution that typologies can contribute if repeated studies are carried out with consistent methods over time in the same region.
Implications for Rural Policy and Program Development and Application
The application of typologies offers the opportunity to improve the efficiency of rural development programs, including NRM programs, through greater understanding of the circumstances under which landholders are operating. This then provides the potential to tailor the programs to specific needs and to target communication strategies. For industries seeking partnerships with specific types of landholders, typologies can assist in identifying the landholders of interest and ways to design the programs to complement landholders' values and socioeconomic circumstances. In the public sphere, the application of typologies offers the chance to improve the equity and efficiency of extension programs by explicitly describing variations in socioeconomic characteristics and land-management values in the community and designing programs to suit.
Although those who formulate and administer NRM policies and programs have consistently expressed support for the concept of developing landholder typologies, it is difficult to identify specific instances where these typologies have directly influenced the way these policies and programs have been formed, delivered, or assessed. Helping decision makers and NRM program administrators to understand and utilise the insights into landholders' motivations, capacities, values, and diversity offered through typology studies has a number of implications for the way in which studies are carried out and reported. In the investigators' opinion, it is important to develop techniques that are rigorous and defensible from a scientific point of view whilst also recognising that the worth of a piece of research is also determined by its utility in the ''real world.'' In designing a methodology to classify farmers, it is preferable to choose a system that will complement the intuitive understanding extension workers and those who design development programs and will be useful in aiding the design and implementation of development programs. Including NRM researchers and extension agents in the process of defining and describing the landholder types is one means of communicating the research to users as well as providing users with a sense of ownership of the results.
Those involved in designing, implementing, and monitoring rural development and NRM policies and programs all have similar information needs. With the similarities in landholder types observed in typologies developed for NRM, agriculture, and regional economic development, there could be advantages in combining research effort across the broad topic of ''rural development'' to create and then systematically revise a set of landholder typologies at varying scales. Landais (1998) reported that following the development of national expertise in generating typologies, the time taken to generate a regional landholder typology has been decreased to just 2 to 3 months. In addition to the limitations imposed by scarcity in research funding, it is possible that future efforts to devise typologies of landholders could meet with limited success in terms of achieving representative samples if landholders are subjected to a barrage of surveys. Careful coordination of research efforts within and between the various levels of administration in a country is required because all agencies involved in NRM and rural development could benefit from coordinated multiscale and multienterprise socioeconomic research in rural areas. An illustration of this concept is presented in Figure 1 . Steering committees can play an important role in guiding the development and interpretation of research projects. These committees can help coordinate data needs across administrative departments. Participation from experts within various rural industries is also required to help researchers define what constitutes best-management practices in different circumstances for various rural industries. If landholder typologies are well coordinated, then it may be possible to adapt and apply them for use in a number of rural development application, which are listed in the boxes on the left side of Figure 1 .
Conclusion
A review of the application of landholder typologies indicates that a number of issues in terms of the theories that guide them, and their scope, focus, and potential applications must be considered if their use is to be expanded. These include the issues of the classification criteria used to create the typology, whether the typology is based on a single industry or multiple industries, the geographic and temporal scale of the typology, and the ease with which the typology can be linked to supporting data.
The issue of which criteria to recommend and which classification method should be used to develop landholder typologies is not simple to resolve. The challenge appears to be to identify the relevant key drivers of change in rural areas at a variety of spatial and temporal scales and to coordinate studies across these scales. The choice of criteria and methodology used to create typologies is, however, eventually a value-laden decision that reflects the researcher's and research sponsor's understanding of the world. Whether researchers should apply farming-context theory, farming-styles theory, theories of farms as complex steered systems, marketing theories, theories of innovation adoption, or livelihood analysis techniques that cross several of these theories is a choice for them. There are techniques to systematically identify composite indicators that are of universal, significant, and representative character. The basic requirement for such indicators is that they must account for the quality and quantity of productive resources available to rural landholders (in terms of their human, biophysical, and financial capital) as well as account for landholders value systems. Although considerable effort is being put into standardising measurement of landholders' productive resources, the measurement of landholders' values is more contentious and less advanced. Further research is required to investigate the optimal means of incorporating personality, attitudinal, and cultural factors into models of NRM behaviour.
